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RECEIVED

GREENTECH PARER SOLUTIONS LLC.

John Daly blvd. # 260 Daly City California 94015 Tel: 650-491-3449 ext 6 Fax: 650-755-3362  Skype: greentechl1
www.greentechpartnersolutions.com vaulinf@ greentechpartnersolutions.com

To: DEBBIE RAPHALL. Director Safer Products & Workplaces Program

Department of Toxic Substances Control
Safer Products and YWorkplaces Program
P.O. Box 806. Sacramento, CA 95812-0806

JUL 10 20

Sent via US MAIL

HenrMi JeARHAEL, Department of Toxic Substance Cantrol
I would like to thank you for taking iime io gel introduced with this letter. Calijornia Department of
Public Health recently issued a letter, supported by The Governor of the State, My. Edmund G.BROWN
Jr. regarding toxic Isocyanates: Work safely sheet. We are registered with U.S. Greern Building Council
local Bay Area Company made scientific breakthrough in coating and paint indusiry with a solution to
none toxic isocyanate products. Our Company introduces a new patented non toxic nom-isocyanate
hybrid polyurethane product line. It's called Green Polyurethane™ and it's the first polyurethane-based
commercialized coatings and paint that is a "hybrid epoxyurethane.” In other words, it does have some
epoxy in it, but the properties have been enhanced through a paienied process thai gives it the durability
and chemical structure of polyurethane without wusing any isocyanates. We also work on
commercialization of non isocyanate foam. The product has been highly recognized by the EPA and was
a finalist for the American Chemisiry Council Polyurethane Innovation Award. We offer to provide the
alternatives to toxic isocyanate materials currently are in use in the State of Californic.

As we all know, on June 25, 2013 the Occupational Safety and Health Admivistration (OSHA), a
division of the US Departmeni of Labor, initiated a National Emphasis Program to protect
workers from serious health ejfects from occupational exposure fo isocyanaics. Isocyanates are
Jound in polyurethane based products. According to OSHA, "Workers exposed io isocyanates can
suffer debilitating health problems for months or even years ajier exposure which could result in
death."The US EPA (Environmental Protection Agency) is looking to conirol and potentially
outright ban isocyanates and mentioned Hybrid's rtechnology as an alternative to  toxic
polyurethane in its Action Plan against isocyanates (see page 4 Figovsiy and Shapovalov)
http://www.epa.gov/oppt/existingchemicals/pubs/actionplans/mdi.pdf

We are asking jfor your attention 1o this maiter to help us to increase legisiative bodies/public awareness
Jor the existence of the product thar can be used as an alternative to the currently used toxic isocyanates
in making polyurethane.

If this project would be in the area of your interest we would be happy to meet you and establish mutually
beneficial relationships with local GOVERNEMENT for working iogether toward beiter environment.
Sometimes this month we will be in Sacramento meeting with EPA and would like to invite you, or your
Agency representative for presentation and introduction. Please reply for more details. My number is
650-4913449 exi 6 or via email:

Vaulin@greentechpartnersolutions.com

Thank you for your attention to rhis matier.
Regards

VAULIN Max V.
CEQ/ Greentech Pariner Solutions LLC.



State of California—Health and Human Services Agency

- k& California Department of Public Health

RON CHAPMAN, MD, MPH EDMUND G, BROWN JR.

Direclor & State Health Officer Govemar
June, 2014

Dear Health and Safety Manager:

The California Department of Public Health, Hazard Evaluation System and Information Service
(HESIS), announces its new Fact Sheet on Isocyanates, a chemical component of polyurethane
paints, foams, packaging, adhesives, and other products. We are enclosing a copy of this
publication, entitled Ispcyanates: Werking Safely.

The main heaith points include:

e Isocyanates can sensitize workers (cause allergy), producing asthma and skin disorders.

+ Workers with occupational asthma from isocyanates can react o very low levels of
exposure {even below exposure standards), and may need to change jobs permanently.

e Good work practices and proper use of profective equipment can help prevent
isocyanate health effects.

. To produce this Fact Sheet, HESIS staff talked with medical experts, industry and union
representatives, employers and small business owners to ensure that the documenit is up-to-
date, practical, and informative. This Fact Sheet reflects significant changes in isocyanate /
polyurethane technology, as well as advances in the state of medical knowledge. We conclude
that caution is still called for in the use of these products. Potential action items for you as an
employer include:

» Train your workers about the health hazards of uncontrofied exposure fo isocyanates.

» Develop an isocyanate safety plan for your workplace, and implement it. -

Should you need additional hard-copies of this Fact Sheet, please call the HESIS Publication
Line tofl-free at (866) 627-15886, or fax your request to (510) 620-5743. The publication is also
available in electronic format at: hitp://www.cdph.ca.govfprograms/hesis/Documenis/iso.pdf
For specifi¢ questions, HESIS maintains a Workplace Hazard Helpline at {866) 282-5516.

Sincerely,

D.

Dennis Shusterman, MD, MPH
Chief, Hazard Evaluation System and information Service

OCCUPATIONAL HEALTH BRANCH
850 Marina Bay Parkway, Building P, 3 F|., Richmond, CA 94804
Tel: 510/620-5757 Fax: 510/620-5743 www.cdph.ca.gov/programs/ohb
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GREEN POLYURETHANE™

The first polyurethane-based coatings and paint which
eliminate the use of all toxic isocyanates from the entire
production process

e Zero Isocyanates, ~Zero VOC THE DANGERS
100% solids, minimal odor OF ISOCYANATES

Isocyanates are potential human

carcinogens used in conventional

® 2 times more durable than polyurethane-based coatings
conventional polyurethane-based and paint which are hazardous
. . t s health and to th
coatings and paint S el
environment. Isocyanates can
cause irritation of skin and mucous
* Cost savings of up to 45%

membranes, chest tightness,

difficult breathing, upset stomach,

i imi : fevers and prolonged expos
* High gloss, self priming - achieve prolonged exposure

has been known to cause severe

any thickness in one coat

asthma and even death.

HYBRIDCOATINGTECH.COM




ZERO ISOCYANATES

FEATURES & ADVANTAGES
OF GREEN POLYURETHANE™

* Zero toxic isocyanates, ~ Zero VOC, 100% solids,
minimal odor:

> Avoid costly application safety measures such
as HVAC shutdown, extra ventillation, weekend
work, displacement of workers or students and
business stoppages in adjacent application zones,
thereby reducing application costs 30 — 60%

» 2 times better wear resistance and 10-30% higher
adhesiveness

* Only 1 coat needed due to 100% solids, specific
curing formulation (depending on substrate)

* Improved corrosion resistance

* Improved resistance to chemical
degradation

» Safe & easy curing in cold, hot or sunny conditions

Hybrid Coating Technologies (HCTI.OB) is a San Francisco-based
innovator focused on improving the quality and safety of coatings

and paint for customers around the world.

" APPLICATIONS i
~ Green Polyurethane™ coatings and paint can be
applied to almost any surface and is particularly useful
on concrete and metal in heavy traffic and corrosive
surface areas. Typical applications include:

* industrial and commercial buildings and garages
* food processing facilities

* medical and pharmaceutical clean rooms

* marine applications

* equipment for liquid fertilizer delivery

® protective coatings inside pipes

 military applications

950 John Daly Blvd., Suite 260
Daly City, CA 94015

P (650) 491-3449
www.hybridcoatingtech.com




0. Figovsky, L. Shapovalov, A. Leykin,

0. Birukova, R. Potashnikova*

Recent advances in the
development of non-isocyanate
polyurethanes based on
cyclic carbonates

Recent advances in chemistry and technology of norn-isocyanate polyurethane (NIPU)
materials based on cyclic carbonate oligomers are reviswed in this paper. Reaction of the
cyclic carbonate and amino groups results in B-hydroxyurethane fragments with specific
properties. Primary attention is given to the hybrid materials that contain epoxy and acrylic
compounds, especially materials based on renewable raw materials. Hybrid organic-
inorganic composites comprising of silanes are also considered. An overview of the recent
publications in this field is provided with a more detailed description of the Polymate Ltd.
achievements. The use of NIPU materials as coatings, adhesives, and foams is described.

I. Introduction

Polyurethanes (PU) are among the most
used polymers in many modern technolo-
gies [1]. However, the use of toxic compo-
nents, such as isocyanates, in the manufac-
turing process can render PU production
extremely toxic and dangerous {2]. Non-iso-
cyanate sources for PU production have
been sought for a long time.

Non-isocyanate polyurethane (NIPU) based on
the reaction of polycyclic carbonates and poly-
amines are known for more than 50 years.
Fundamentals for the practical application of
NIPU an the basis of five-membered cyclic
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carbonates (1,3-dioxolan-2-ones) in coatings,
sealants, adhesives, etc. were largely devel-
oped by O. Figovsky in the 1970-1980's [3].
Recently, some reviews dedicated to synthesis
of cyclic carbonates and NIPU have been pre-
sented [4—-6]. In these works the advantages
of NIPU nave been dascribed in detail.

MNIPU networks are obtained by the reaction
betwzen nolycyclic carbonate oligomers and
aliphatic or cycloaliphatic polyamines with
primary amino groups [4]. This forms a
crosslinked polymer with B-hydroxyurethane
groups of differant structure — polyhydroxy-
urethane polymer. Since NIPU is obtained
without using isocyanates, the process of
synthesis s relatively safe for both humans
and the environment in comparison fo the
production of the conventional polyure-
thanes. The model scheme of the two op-
tions B-hydroxyurethane fragmeants of poly-
mer chains formed in the case of bifunction-
al starting materials is shown in figure L.

Moreover, NIPU is not sensitive to moisture
in the surrounding environment. Hydroxyl
groups formed at the P-carbon atom of the
urethane moiety also increase adhesion
properties. Plurality of intra- and intermo-
lecular hydrogen bonds [7, 8] as well as the
absence of unstable biuret and allophanate
units [9] seems to be responsible for in-
creased thermal stabitity and chemical resis-
tance to non-polar solvents.

The mechanism of the reaction of cyclic car-
beonates with amines, providing non-isocya-
nate urethanes, was studied by means of
quantum chemical calculation in terms of
DFT by the PBE/TZ2F methad using as ex-
amples the reactions of ethylene carbonate
and propylene carbonate with methylamine
[10, 11]. Structural investigations have re-
vealed four cyclic isomers with intramolecu-
far hydrogen bond and six open conformers.
This agrees well with previous results of IR
and NMR spectroscopic investigations
[4, 7, 8]. The reaction can proceed through
the one- or multistage path involving one or
two amine molecules. The second amine
molecule plays the role of the catalyst of the
process, resulting in & substantial decrease
in the activation ensrgy of the reaction.

2. Brief description of recent
works in the field of NIPU

A significant problem of the NIPU technolo-
zies is lack of commercially available multi-
functionai cyclic carbonates. Recent work in
the field of new methods for preparing of cy-
clic carbonates is dedicated primarily to the
development of new catalytic systems and
the synthesis of mono-iunctional compounds
[12, 131 Similar catalyst systems are used
2iso for the copolymeriz
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C0, and ring-opening palymerization of cyclic
carbonates [14, 15], and one ar the ather
direction of the reaction depends on the pro-
cess conditions. For this work the synthesis
of mono- and polycyclic carbonates for re-
search purposes were provided by the com-
pany Specific Polymers, France [16].

Bernard (Rhodia) proposes a method for pre-
paring polyhydroxyurethanes, which com-
prises of reacting of at least one compound
(1) having a cyclic carbonate functional
group and at least one hydroxyl functional
group; at least one compound (2) having at
least one linear carbonate functional group;
at least one compound (3) having at least
one primary or secondary arnine functional
group [17]. The subject of this invention is to
position predominantly aquecus formulations
on the base of polyfunctionalized poly-
hydroxyurethane intermediates, as well as
creating a method for preparing formulations
for use especially in coatings, adhesives,
and others. However, the described process
is very complicated and time-consuming,
requires large amounts of organic solvents,
and the formulations for the practical appli-
cation in most cases reguire the use of iso-
cyanate-containing componenis.

Moeller, et al. (Henkel) also describe the
bonding agent system that contains a com-
ponent {A) carrying at least two cyclic car-
bonate groups and a componant (B) carrying
at least two amine functional groups to pre-
pare a two-component NIPU adhesive [18].
In this case also component (A) comprises
of the reaction product of hydroxyl group-
containing cyclic carbonate with an isocya-
nate group-containing polyurethane pre-poly-
mer. Currently in the coatings industry cyclic
carbonate raw materials are often suggest
ed for the use in hybrid epoxy-hydroxyure-
thane compaositions [5]. Use of such systems
assumes preliminary production of adducts
of the cyclic carbonates and amines. These
adducts (also named as amino-urethanes)
contain amine, urethane, and nydroxy groups
and serve as hardeners for various oligomer
compositions. Such compaositions, named as
Hybrid NIPU (HNIPU), are wel-known in the
art. Mainly they relate fo waterborne epoxy
compositicns.

Muller-Frischinger (Huntsman Co.) [19] de-
scribes a curable composition comprising
af: a) mixture of an epoxy resin a cyclic car-
bonate, and b) as curing agent a hybrid

hardener, whereby said hardener is a blend
of bl} an aminic compound, and bZ2) a
dicyclopentadiene-phenol based Novolac.
Later Muller-Frischinger et al. disclose a
curahle composition comprising of an
epoxy resin and a hybrid hardener; wharain
szid nybrid hardener is a blend of adduct of
amines or amideamines and menocyciic
carbonates (in particular) and a polyphenol
Novolac. Such compositions are useful for
rapid seiting and protective coatings and
acnesives in application fields like civil engi-
neering, marine, architectural, and mainte-
nance [20]. Also researches of Hunis-
mar Co. proposed filled compositions on
the base of NIPU or HNIPU and nanociays
[211. In this work cyclic carbonates, synthe-
sized b\f Polymate Ltd., were used as raw

iais.

Kloopsch et al. (BASF) disclose the use of naw
¢ carbonates with unsaturated bonds as
tive diluents in epoxy resin composi-
tions {22]. It has been found that addition of
iist s amounts of the new compounds to
sins results in a significant increase
eactivity of the epoxy resin composk
tion, evident from a lower gel time following
n of a hardener. However, enhancing
r important properties has nat been

reac

fel-Marczewskl et al. (Construction Re-
aren & Technology GmbH) propose substi-
yclic carbonates — 2-Oxe-1,3-Cioxo-
carboxylic acid and derivatives the
is assumed that these compounds will
iely used in the oligomer technoio-
gy [23]. The prcbiem of obtaining NIPU ma-
based on renewable raw materials is
onsiderable attention in the research
s of the USA (Wilkes and coworkers,
han, Holser, Javni, Petrovi¢ et al.}, in
id (Rokicki and co-workers), and China
g, Lietal) [5].

+ -
‘ W

Recently, a number of European academic
C 5 have begun to actively develop NiPU
ine direction of plant-based raw
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materials. Thus, researchers at the Institute
of Macromolecular Chemistry at the Univer-
sity of Freiburg have investigated soy- and
linseed oil-basec polyurethanes prepared by
curing carbonatec soybean (CSBO) and lin-
seed (CLSO) oils with different di-
amines [24]. Later they have reported on a
very versatile new route to linear as well as
crosslinked terpene-based non-dsocyanate
polythydroxyurethanes) (NIPU) and pre-paly-
mers derived from the novel cyclic limonene
dicarbonate (CL} E 1. The catalytic carbon-
ation of epoxidizec

flimonene with CO, was
monitored in the presence of both homoge
necus tetrabutylzmimonium bromide (TBAB)
and heterogenecus silica supported 4-pyr-
rolidinopyridinium todide (Si0,(1) catalysts.
The systematic variation of catalyst type,
CO, pressure ard temperature enabled
quantitative carbonation in bulk and incorpo-
ration of 34.4 wi? CO, into CL. In contrast
to conventional olznt oilbased cyclic car-
bonates, such -based cyclic carbon-
ates afford much nigher CO, fixation and do
not contain ester groups. The absence of
ester groups is 2ssential to prevent side
reaction with amines: ester groups react
with the amine ng agent to afford am-
ides and low molccular weight polyol by-
products whicn can cause undesirable emis-
sions and plastifi of NIPU. Novel linear
NIPU and pre 1ers were obtained by
means of CL advancement with diamines
such as 1,4-butane dizmine (BDA), 1,6-hexa-
methylene diamine (HMDA), 1,12-dodecane
diamine (DADO}, and isophorone diamine
(IPDA).

Cramail et al
ported polyaadt

ersity of Bordeauyx) re-

- of diamines with vegeta-
ble-based biscarnonates to prepare new
polyurethanes. Tie intermediate material
(epoxidized compounds) were obtained in
two steps by a isesterification starting
from monoalkyi of unsaturated acids
and diols, and st

the biscarboi
functicnal epoxi
ihe presence of
ammonium brom
received cyclic
as polvhydroxyt
ther self-polyc:

znd supercritical CO, in
¢ liquids and tetrabutyl-

{TBABI) as the catalyst.
sonates were considered
e precursors and fur-
woensed with ethylene




diamine and isophaorone diamine to form
polyurethanes [26]. For preparation of bis-
carbonates with terminal cyclic carbonate
groups were used in a metathesis reaction
with Hoveyda’s catalyst.

Researchers from Reutlingen University and
the University of Natural Resources and
Life Sciences of Vienna obtained a new bio-
based non-isocyanate urethane by the reac-
tion of a cyclic carbonate synthesized from
a modified linseed oil and an alkylated phe-
nolic polyamine (phenalkamine) from
cashew nut shell liguid. The incorporation
of functional cyclic carbonate groups to the
triglyceride units of the oil was done by
reacting epoxidized linseed oil with CO, in
the presence of a catalyst. Structural
changes and changes in molar mass during
the carbonation reaction were character-
ized. Also the aminolysis reaction of the
cyclic carbonate with phenalkamine was
monitored, as well as the viscoelastic prop-
erties of the system and the time of gela-
tion [27].

A novel bio-based, isocyanate-free poly-
(amide urethane) derived from soy dimer
acids is described. Three steps are involved
in this one-pot synthesis: first, cimer fatty
acids are condensed with ethylene diamine
to produce amine-terminated oligomers inter-
mediates. These intermediates are then re-
acted in a second step with ethylene carbon-
ate to vield hydroxyHerminated di-urethanes,
which then undergo a transurethanz polycon-
densation at 150 °C for 9 h uncer vacuum
to produce high molecular weight poly-
mers [28]. Although the polymers are pro-
duced at a high temperature, above proper-
ties still do not allow them to find a practical
application.

There is continuous developmient being
made in the direction of silican-contained

¥ Fig. 2: Example of five-membered cyclic carbonate polysioxane compaund

and nang-structured hydroxyurethane com-
pounds. Turkish researchers synthesized a
novet carbonate-modified bis(4-glycidyloxy
phenyl} phenyl phosphine oxide (CBGPPQ)
for preparing nondsocyanate polyurethang/
silica nanccomposites. Spherical silica par-
ticles were prepared and modified with cy-
clic carbonate functional silane coupling
agent to improve the compatibility of silica
particles and organic nhase. The phosphine
oxide-based and cyclic carbonate-modified
epoxy resins and silica particles were used
o prepare hybrid coatings using diamine
as a curing agent. No damage was ob-
served in the impact strength of the coat-
ings. Incorporation of silica and CBGPPO
into formulations increased modulus and
hardness of the coating making the mate-
rial more brittle. it was also observed, that
the tnermal stability of hybrid coatings en-
hanced with the addition of silica and
CBGPPC [291.

conditicns and employed as an
ursor of organic-ingrganic hybrid
ating systems. Coating formulations
tions of this organic com-
ponent v preparec and applied on alumi-
num substrate. These coatings were evalu-
ated for mecnanicel, chemical properties
and corrosion resistance and showed some
improvernents [301.

[ al. disclose a polysiloxane-modi-
viroxy polydrethane resin being
om a reaction between a five-mem-
bered cyclic carbonate polysiloxane com-
{{fig. 2} and an amine compound, its
1 process and a resin composition.
ials can be used for thermal re-
wecium, imitation leather, thermo-
skin material, weather
ather strip [31].

strip n

3. Recent achievements of
Polymate Ltd.

3.1 Polyhydroxyureihanes

Usually polyhydroxyuretnane polymers have
poor water resistancs cue to the plurality of
hydroxyl groups. it is however possible to
prepare water-resisiant materials in some
formulations. For exzmple, on the base of
acrylic epoxy oligomers, cyclocarbonate
acrylic polymers with high water and weather
stabilities were preparad. A paint was devel
oped with curing teniperature 110 °C, in
2-3 hours. Unfortunately we need to use
solvents for this composition [4].

Polymate Ltd. recertiv started works on the
synthesis of aliphatic multifunctional cyclic
carbonates from corresponding epoxies and
carbon dioxide and NiPU based on them.
The authors tested zome compositions of
polyfunctional carbonates synthesized in the
laboratory, namely wimethylol propanetri-
cyclocarbonate (TM=TCC) and chlorine con-
taining aliphatic ! arbonates (on the
base of chiorine contzining aliphatic epoxy
resins Oxilin) and various diamines: 2-meth-
yipentarnethytene ciaimne (MPMD) — Dytek A,
invista Co.; meta-xyienediamine (MXDA) -
Mitsubishi Gas Chemi. Co.; polyetheramine
Jeffamine EDR-148 - H.ntsman Co.; diethy-
lenetriamine (DETA) - £.E.H. 20, Dow Chem-
ical Co. Properties of these materials are
shown in table 1. Scine of the results are
significantly higher 21 previously achieved
levels and offer goco prospects for their
oractical use, Further eiaboration will be un-
derizken.

3.2 Hybrid non-isacvanate
polyurethanes

:osed compositions

Recently the authors |
ba ems which contain

esed on cligomer sy

¥ Tab. 1: Properties of polyhvdroxy urethanas

<, CH, T Tensile strength| Elongation | Water absorption
1 5 / MPa /% /%
HC CHCH,OCHSIOIS: }=:SEC3H60CE::§H——— . ICCTMP HiPMD 33-47 3.3-3¢ n/a
(l)\ /ci} & iv | ) CCOxin5 | XDA 18 /e
C L& L~ CC Oxilin 6B| EDR-148 0.8 I 4.0
g 5 CC Oxiin 6 DETA 16 15 5 e
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hydroxy-amine adducts on the base of ali-
phatic mono- and polycyclic carbonates (Cy-
cloate A) as hardeners [32]. This composi-
tion was used for 100 % solid flooring coat-
ing with high abrasion resistance and me-
chanical properties. Thus, Polymate has
developed practically used formulations on
the basis of HNIPU, using the two formula-
tions F1 and F2 shown in tabie 2.

3.3 Hydroxyurethane modifiers (HUM)

A separate area of the use of NIPU technol-
ogy is in the preparation of pure hydroxyalkyl
urethane compounds. All known polymer
compositions with hydroxyalkyl urethane
monomers require specific chemical reac-
tions (such as transetherification, transamina-
tion, or self-crosslinking). These reactions are

Fig. 3: Basic formula of hydroxyalky-urethane

v madifier (HUM)
R R
|
R —N—C—0—CH—CH
| 1
H O H

Tab. 2: Compasition and properties 7 flooring compounds
v

Compasition

Hyn‘mxy!amme aa'duct * {on the base of Cycloate A)

2 out at elevated temperatures, in the
ice of organic solvents, and/or in we-
ter-dispersion media, sometimes in the pres-
nce of catalysts [B]. The authors recently
pauoused a novel concept of generating new
unctionat modifiers. The HUM, which
esses a wide range of hydrogen bonds,
is embedded in an epoxy polymer network
without & direct chemical interaction.

ent application [33] discloses a novel
cure epoxy-amine compositicn modi-
fied with a hydroxyalkyl urethane (HUM), which
tained as a result of a reaction between
a primary amine {C1) and a monocyclocarbon-
ate (023, wherein modifier (C) is represented
by formula in figure 3, wherein R1 is a
e of the primary aming, R2 and R3 are
or different and are selected from

up consisting of H, alky!, hydroxyalkyl,
ana n satisfies the following condition: n 2 2.
Dilusnts,

pigments, and additives can be
he new raodifier primarily affects a
it acceleration of the curing process
s an incraase in abrasion resistance.
HUM imparts to the cured
ion superior coating performance

Fig. 4:
v

Influence of madifer HUM-O! (trimety
carbonate) on the praperties of 2poxy

sTress propertic
substrates, app
state). Since th
wark is not brot
such as weatheri
do not worsen
characteristic anc
content of HUM
[341. The following
of successful ap
oligomeric syst

. other characteristics,
ind chemical resistance,
dependences of curing
asion resistance from
are shown in figure 4
cciions provide examples
ztions of HUM into other

3.4 Hydroxyuretnane compounds from
renewable plant-based raw materials

S

snosed a new method of
oiyhydroxyurethane net-
i25]: {a) reacting epoxi-
1y acid triglycerides with
presence of a catalyst to
oxidized unsaturated
fatty acid triglyce: wharein conversion of
oxyrane groups o Z-oxo-1,3-dioxolane groups
(cyciic carbonate croups) for said carbonated-
enoxidized un =g fatty acid triglycerides
ranges from 25 7 2 85 % (see figure 5);

Recently authors 1
producing a hybi
work camprising ¢
dized unsaturate
carbon dioxide in
abtain carbon

diamine + propylene
based on D.E.R, 331

Parts by weight

i ;_L:eafc‘ydaaleﬂj

Epoxy resin D.E. R 324 of Dow Cne- cal

Poﬂmycicca:bamte@doate&

Reactive acrylic oﬁgomers (r"?lx’ur:: f Sartomer

Carbon black

BYKAS30 (surface acb\eatﬁﬁf:ve o Byk Co.)

BYK~320 {surfar:e active additive of 2vk Co.)

Mixed viscosity, 25 ‘C rrPa -5

Potife 25°C min

Tack free, 25 °C, h

Aflnrsovm daysmom temperature, subsm —goacrsis

60" ﬁlm gioss

Tensrie Sﬁ'Ei’l"ﬁ'l / MPa

Taber abras:on 1 GGO cycles/1,000 g, C5-17 wheel / mg

hmacfrestshnce 7 N.m, 3

45 .E
=
B
g 10 L
0 i L |
— = 5 20 25 30
£ HUM-01, °
Valiues 60— - Abrasion resisiancs
5 g7 1
gl |80 —
E.
100-105] 115-120 £ LR
< 2 £
7 = 75_‘.-_ s h & T" g
— 10+- e 1 z il P |
=5 2 1
7 25 01— :
z 0 5 25 30
= HUM-C
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(b} mixing and reacting the carbonated-epoxi-
dized unsaturated fatty acid triglycerides with
a compound having an amine functionality
comprising at least one primary armine group
realized at stoichiometric or within nearly bal-
anced stoichiometry; (c) mixing and reacting
the product of (b) with a compound having
amine functionality comprising at least two
primary amine groups realized at excess of an
amine-functional compound; (d) mixing the
praduct of (c) with a compound having amino-
reactive groups and selected from the group
comprising: (1) a compound having epoxy
functionality, and (2) a mixture of the com-
pound having epoxy functionality with carbon-
ated-epoxidized unsaturated fatty acid triglyc-
erides, a ratio of the sum of amino-reactive
groups to the sum of amine groups being stoi-
chiometric or within nearly balanced stoichiom-
etry; and (e} curing the resulting composition
at ambient temperature. The proposed meth-
od can significantly reduce time of synthesis
and improve quality of the final products.

3.5 Silane-containing and nano-struc-
tured hydroxyurethane compounds

The concept of generating silica from alk-
oxysilanes by the solgel mathod within a
macromolecular organic phase (in situ) is
widely known in the art. The orgznic and in-
organic components of these materials are
present as co-continuous phases of a few
nanometers in lateral dimensions. Earlier
authors have studied new types of NIPUs
based on cyclic carbonate-epoxy resin sys-
tems and aminoalkoxysilanes [36]. The pro-
posed dendro-aminosilane harcenars give
the possibility for the introduction of siloxane
fragments into the aromatic struciure of BPA
epoxy-amine and cyclocarbonate network
polymers which improves the service proper-
ties of the network polymer. Additicnal hydro-
lysis of organosilane oligomers creates a
secondary nano-structured netwaork polymer,

Known in the art as hybrid organic-inorganic
compositions include mixtures of epoxy res-
ins, amine hardeners, functional silanes,
and/or polysiloxanes and cure in the pres-
ence of water in an amount sufficient to
bring about substantial hydrolytic polycon-
densation of the silane [5].

A novel nzno-structured hybrid polymer com-
position was synthesized on the base of
epoxy-functional components, cyclic carbon-
ate compaonents, amine-functional compo-
nents. and acrylate {methacrylate) functional
components, wherzin at least one epoxy,
amine, or acrylate (methacrylate} component
contzins alkoxysilane units [371. The compo-
sition 1s nighly curable at low temperatures
{approximately 1030 °C) with generating
nanostruciure {fig. %) under the influence of

groups by reaction o cvelic carbonates with
amine functionalities. These hydroxyurethane
functionalities activat= oy hydrolytic polycon-
densation of alkoxysiiznes by means of at-
mospheric molsture. thus producing an or-
ganic-inorganic nancstructure without a
special procedure of water embedding or
additicn of nanofiliers. The cured composi-
fion {fig. 8) has exceient strength-stress
properties, adhesion to a variety of sub-
strates, appearances, and resistance to

the farming of active, specific hydroxyl  weathering, abrasion, and solvents.
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3.6 Sprayable foam

The vast majority of methads ior the applica-
tion of sprayable polymer foams onto vari-
ous substrates use air or airless spraying
equipment. The main advartage of these
methods is the rapid formation of a polymer
structure to obtain a non-flowing foam on
vertical surfaces. However, non-socyanate
resin foams require some cther approach
since they exhibit longer durations of gela-
tion and solidification, which can lead to flow
on vertical surfaces and a collapse of the
foam.

Recently, Olang (Owens Corning) disclosed
hybrid spray foams that use a urethane reac-
tant, a crosslinker, and an {optional) epoxy
and/or acrylic resin, along with a blowing
agent and rheology modifier to produce a
quick-setting foam that remains in place until
the foam forms and cures [38]. In some
other formulations the author used the NIPU

¥ Tab. 3: Rigid ENIPU foam

adducis
mines, received fro

reases the vis

ucns an

o
nethod for spray
we described
J0sitions related
2515 of epoxy, hy

of cyclic carbonates and di- or poly-

m Paoiymate. Unfortu-

', the use of rhealogy modifiers in prac-

cesity of the composk-

d imparts to them a thixotropic
', which significantly limits the

use of
foams.

SOME nom-socyanaie
to hybrid sysiems on
droxyurem 12, acrylic,

atant [391 iscloses

foamabie, photcgo!ymemabm liguic acrylic-

cvanate urethane

lic anhydride.

cyclocarbonat

i noh-isocyanate foams and ¢
e basis of epoxies,

sligomers, and bift
1, all these compasitions are used

t compositions for sealing applications,
include products of reaction of non-

diois with methacrylic

Patent [40] describes
coatings
acrylic epoxies,

es, acrylic hydroxyure-
unctional amines.

Properties | Standard | Rigid foam insulation
Viscosily (Broakfield RVDV li, Spingie 29, 20 rpmj 2t 25 °C, 7
Base “A” ASTM 2353
Base “B" R
A" + “B"(3-5 s aiter mix.rgj
Potiifeat2s L7 %) /s
vGC ASTM DZ369
EIMEe2)
ASTM D2 30-40
55 45=:0
¥ Tab. 4: Properties of HNIPU Uv-cured flooring comparzd o oo urzd flooring
Properties | Standard Converrtmna_l W-tured HNIPU UV-cured flooring
flooring

Adhesion 3 5B
Pencil hardness 55 4H

200+ 200+
Abrasion resistance,
CS17,1,000 g, ASTM D1044 200
1,000 cycles, mg

ickness appiied &0
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topcoat finish can be further enhanced by
broadcasting additives for decorative or per-
formance purposes.

Single-coat systems are also available. The
thin film thickness can range between
0.3 mm and 0.8 mm. Unlike conventional
UV curable coatings, formulations devel-
oped by Polymate Lid. contain up to 60 %
of vegetable oil derivatives, such as modi-
fied soybean oil. This creates 2 composi-
tion with higher elasticity while maintaining
the basic strength characteristics. The use
of these compounds improves the adhe-
sion of the cured composition to concrete,
allowing reduction in the number of coating
layers to two, and for special coatings
even fo a single layer. The uniqueness of
this compound is the possibility to apply
one layer up to 0.8 mm thickness, at the
rate of polymerization which allows the use
of standard curing technology ard standard
eguipment. The introduction of the new hy-
droxyurethane modifier (HUM) based an
vegetable raw materials and adducts ob-
tained on its basis allow improving hard-
ness and wear resistance, while maintain-
ing the other properties of the system
(tab. 4).

The uniqueness of the developed formulation
and the possibility of coating coricrete some-
times without a primer, with a layer thickness
of 0.3-0.8 mm allows the covering of even
open areas. Application is done by spraying,
eliminating the negative effects of sunlight
during the coating process and uzes sunlight
during the curing process, which reduces the
total polymerization time evan mare.

4. Conclusions

Many well-known companies anc research
centres arcund the world are developing new
methods for the synthesis of cvclic carbon-
ates and compositions thereof. A leading
position in the development of nan-isocya-
nate materials is being held by the research
center Polymate Litd. The authors believe
that further developments in the field of poly-
hydroxyurethanes, that offer the most prom-
ising directions for future research includs:

ion of production of polyfunctional
arbonates, development of optimal
a Ty anc equipmeﬂt' carbonized
setable oils and terpenes; carbonized
b compounds, including chiorina-
. and carbonized polyfunctional

ment of waterborne HNIPU formu-

=en‘ of NIPU formulations for
adhesives.

>nt ci production of amines
d with hydroxyurethane groups.

rn of nor-amine RT curing agents
ar compositions.

ant of self-extinguishing compo-
f HNIPU.

yment of silficone-based HNIFU.
went of NiIPU and HNIPU-based

3

=3

2

Nt oi formulations for Uv-cured

5. References

1 thanes as specialty
inles and applications.
180 p.
[2] | . Polyurethanes:

;, adhesives and sealants.
MNetwork GmbH & Co KG,
v, 2007, 344 p.
¢ O. et al. Soviet Union patents:
. % SUB63396, 1977;
3; SU630275, 1878;
; SU671318, 1984,
, £984, 5U903340, 1982;
1832; SU1126569, 1984;
1992, SU1754748, 1992.
Jovalov L. uyclcfar-
ners Including Non-
virethang Achesives
acyclopedia of Surface
P. Somasun-
ﬂ~1653. NY, Taylor &

1
1

[4]

Birukova O., Figov-
¢ L. Non-socyarate
i on cyclic carbon-
JDD“C&L;uﬁ {review),
nological Advan-
<~J\ 160-180.

[6} Guaen J., Song ", Yin X., Zuo M.,
Zhas Y., Tao X Q Progress
in Study of Non-=ocyanate Poly-

Chem. Res. 2011,

-.es. Inter. Polymer
2 [5), T/68-T/70.
v L. L., Stro-

Y. N. Studies
i model ure-
“blzined by the
ne” reaction.
/1987, 45 (1),

8]

[S] Tomiia H., San 4 -

i :I Analysis of o
biained by Poiy:
nbered ©

e Baseo o
mer Sci. &

cndo T Struc-
“wdroxyurethane
n of Bifunctional
= Carbonate and
= Model Reaction.
5L, 39, 851-859.
<. P, Berlin A A.
Reaction of cy: nates with
arnings as an e route to
thanes: ~ “uznum-chemical
of reactiun (nechanism, Doklady
1 {2}, 355-360.
7. P, Berlin A. A,
‘e formation from

amines: a quan-
- Hussian Chemical
518-527,

> <., Young C.
"1 carbonates from
=raen Chem.,

(101

iz carbonates from
'.-~L_,1 Sci. Technol.,
3187

+: for CO,/epoxide
1em. Commun.,

i~ YOL 10,NO. 3 - LLGUST/SEPTEMBER 2013



[16] hitp://www.specificpolymers.fr/me-
dias/downloads/nipur.pdi

[17]Bernard J.-M. Method for prepar-
ing polyhydroxy-urethanes. US Pat-
ent 8,017,719, 2011; US Patent
Application 2011,/0288230, 2011,

[18] Moeller T., Kinzelmann H.-G. Two-
component bonding agent. US Pat-
ent 8,118,968, 2012.

[19] Muller-Frischinger I. Coating system.
US Patent 8,003,737, 2011.

[20] Muller-Frischinger 1., Gianini M.,

Volle J. Coating system. US Pat-
ent 8,263,687, 2012.

[21] Diakaumakos C. D., Kotzev D. L. Mano-
composites based on polyurethane
or polyurethane-epoxy hybrid resins
prepared avoiding isocyanates. US Pat-
ent 8,143,346, 2012,

Diakoumakos C. D., Katzev D. L. Non-
Isocyanate-Based Polyurethane and
Hybrid Polyurethane-Epoxy Nanocom-
posite Polymer Compositions. US Pat-
ent Application 2012/01429842, 2012.

[22] Klopsch R., Lanver A, Kaffee A.,

Ebel K., Yu M. Use of cyciic carbonates
in epoxy resin compositions. US Patent
Application 20110306702, 2011.

[23] Mecfel-Marczewski J., Waither B.,
Mezger J., Kierat R., Staudhamer R.
2-0xc-1,3-dioxclane-4-carboxylic acid
and derivatives thereof, their prepara-
tion and use. US Patant Application
20110313177, 2011.

[24] Bahr M., Miilhaupt R. Lirzzed and soy-
bean oil-based polyurethznes prepared
via the non-isocyanate route and cata-
lytic carbon dioxide conversion. Green
Chem., 2012, 14 (2), 453-489.

[25] Bahr M., Bitto A., Milthaupt R. Cy-
clic limonene dicarbonate as new
monomer for non-isocyanate oligo- and
polyurethanes (NIPU) bzszd upon
terpenes. Green Chem., 2012, 14 (5},
14471454,

[26] Cramail H., Boyer A., Cloutet E.,
Gadenne B., Alfos C. Bicarbonate

precurors, method for preparing same
a0f, US Petent Applica-
/0259087, 2012,
, Maisonneuve L., Cloutet E.,
“’me 5., Afos C., Taasalrn T,
1ail H. Solubility in CO, and swel-
v in situ IR spectroscopy
ased epoxidized oils

100 |‘"cya 1ate urethane derived from
lymers and the Environ-

, 2012, 20 {4), 926-931.

¢t E., Graiver D., Narayan R. Effi-
syntitesis of bio-based poiylamide
anajs v.a nom-isocyanate route.
PUM ».;:am;l nternational, 2012,

man-Apchan N.,
elocglu Y.,

naration and charac-
nhosphing oxide based
‘silica nanocomposite
ate route. Prog.
2010, V. 69, No. 4,

, Sabnis A. Nove! Bis-
ne Pracursor Frepared
te Route for Hybrid

fimura ¥., Takahashi K.,
Uruno M. Five-mem-
arbonate polysiloxane
siloxane-madified poly-
; re resin. US Pat-
1S 201zu??1 84
7701,

315

n,l

131 Birukav O.. 7iovsky O., Leykin A.,
~poxy-amine composi-
a0 nydroxyalkyl ure-

L /989553 B2, 2011.
_kov 0., Shapovalov L.,
urethane modifier

as effective ddidve for epoxy matrix.
scientific lsrzo! - Technological Advan-
i1, 122-128.

tages 2011, 13 44
{ ky 0., Leykin A., Pot-

zshnikov
producing
network on # La

epoxidizea v

solyhydroxyurethane
=2 of carbonated-
rated fatty acid
I“. Patent Application
2012,
= =povalov L., Buslov F.
mostable non-isocy-
i coatings. Surface
onal Part B: Coatings
ns 2005, 88 (B1), 67-71.
wew D, Figovsky 0.,
ov L. Nanostuc-
isumar composition.
7,846,719 B2, 2010.
- oo polydrethane spray
i1 urethane prepoly-
v modifiers. US Pat-
12/0183694, 2012,
apovalov L., Potashni-
v, Bordada ., Let
er A, Foamable photo-
(ooasition. US Patent
%2, 2005,

. apovalov L. Prepara
cyclocarbonates and
sacyanate or hybrid
iyurethanes. US Pat-
2, 2007.
mikov R.,

Jziov L., Sivokon S.

'@ a sprayable

- “oam composition.
ic.: 13/770,319;

2y 2013,

361 Figovsky .
Ultraviolet

www.pu-magazine.com

PU MAGAZINE - VOL. 10, NO. 4 - AUGUST/SEPTEMBER 2012




